T he main aim of the present study was to explore the signi®cance of large group=greater pen housing (PH) versus standard Makrolon caging (ST ) in three behaviour tests related to human± anim al interactions in the adult male laboratory rat. T he rats' perception of human interaction was tested in three behavioural tests, of which two re¯ected common practical procedures, capture and restraint, whereas the third was a human approach test in a Y-m aze. T he rats' anticipatory reactions to handling and the reactions to restraint did not differ between groups, but the ST rats approached a human hand more quickly than did the PH rats (P < 0.01). Although food intake did not differ, ST rats gained more weight (P < 0.01 ) and had higher total cholesterol values (P < 0.01 ) than PH rats. In conclusion, this study shows that housing rats in large groups in an enriched environment did not in¯uence their anticipatory reaction to handling in normal handling situations. However, as the PH rats tended to have a longer approach latency than ST rats in the Y-maze there might be underlying differences in appraisal that are not detected in practical situat ions. In addit ion, the PH rat s weighed less and had lower total cholesterol values than ST rat s and their urine corticosterone values were higher. T hese effects are suggested to be due to higher physical activity in the PH rats, and the implicati ons of this on the anim al as a model is discussed.
Human±anim al interaction is important in anim al experimentation both for the welfare of the animal and the outcome of the experiment. T he behaviour of the handler and the perception of the animal act upon each other and in¯uence the interaction. T he potential im pact of human±animal interactions should not be viewed only as a confounding variable, but should be addressed scienti®cally. A better understanding of human±animal interactions may be useful to improve not only animal welfare but also experimental design and control.
Most studies in which human±animal interaction has been systematic ally varied has been conducted on farm animals (Hemsworth e t a l. 1993 ) . For instance, Munksgaard e t a l. (1997 ) found that cattle discriminate between gentle and aversive handlers and choose to stay at a larger distance from aversive handlers. T his behavioural response or coping strategy helps in avoiding the stressor, thereby eliminating the source of stress. In some cases, however, avoidanc e is not possible. T he presence of an aversive handler during milking has been shown to increase residual milk by 70% compared to the presence of a gentle handler (Rushen e t a l. 1999 ). Hence, handling may have both negative and positive impacts on the welfare of the anim al depending on how it is performed. Not all cows discrim inated between handlers, so for those cows the presence of either handler increased heart rate during milking, whereas the good discriminat ors had normal heart rates in the presence of the gentle handler (Rushen e t a l. 1999 ) . T herefore, human interactions that are perceived by the anim al as positive, may facilitat e the development of a cooperative relationship based on mutual con®dence; whereas little experience, or negative or inconsistent experiences of human interaction may lead to a fearful relation for the animal (Hemsworth e t a l. 1987) .
Another aspect that may be of im portance for human±animal interaction is the way the anim als are housed. T he majority of laboratory rat s are housed, singly or in small groups, in cages with solid or wire-mesh oors in an attem pt to standardize the environment, maxim ize hygiene and practicality, and minimize costs. However, the more art i®cial and barren the environment, the further away from natural living conditions it gets. T he process of adaptation might thereby be impeded (Meyerson 1986 ). T his may be balanc ed by enlarging the cage size and by providing environmental enrichment, increasing the biological relevance of the animals' environment (Newberry 1995 ) . Increased complexity in the housing environment may have favourable effects on both animal welfare and experimental outcome. However, larger cages will, for economic reasons, often entail larger groups of anim als, making it more dif®cult to maintai n regular human contact and individual recognition. T he change in environment might also have unknown effects on the habituati on process to human handling. With enriched and nonenriched mice, van de Weerd e t a l. (1997 ) found inconsistent results when scoring handling responses in connection to weekly cage cleaning. To ensure well-being and good welfare in laboratory animals, it is crucial to minimize the fear of human contact. A positive contact between the animal and the humans it interacts with will reduce stress responses both during and between experimental procedures.
T he internal and external factors and aspects affect ing the welfare of an animal are often inter-relat ed, and the effects of each cannot be easily distinguished from each other. In this study, we aimed to investigate the in¯uence of keeping large groups of male rats in enriched cages with more¯oor space per animal than conventional housing on human±animal interactions and on certain physiological parameters related to health and well-being.
Materials and methods

Anim a ls a nd h usb a nd ry
Forty adult inbred male Sprague±Dawley rats (180 g=8 weeks old) from B& K Universal AB, Sollentuna, Sweden were used in this study. On arrival the animals were tat tooed on the tail and randomly divided into two groups of 10 in enriched pens (PH rats) and 10 groups of two rats in standard transparent Makrolon type IV cages (ST rats). T he size of the pens was 2106150 cm (3150 cm 2 =rat ). T he cage size was 59638620 cm (1121 cm 2 =rat ). In this study we also aimed to increase environmental complexity. T he pens and cages were equipped with objects that our technicians had earlier observed that rats show an interest in. Both pens and cages were equipped with bedding (GLP Bedding, Beekay Bedding, Sollentuna, Sweden), hay and straw bricks. In addition, each pen had two Makrolon type IV cages, one turned up-side down and the other ®lled with hay, a towel arranged as a hammock and one transparent and one blac k plastic tube (é 6.7 cm, length 32.0 cm) (Fig 1) . T he wall separating the two pens was approximately one metre high and made of plywood. Fac ing the interior of the animal room, a wall of Plexiglas was used, enabling a good view of the animals from outside the pen. Room temperature was kept at 21 1 C and relati ve humidity at 55 10% . Ventilation was set at 13±14 air changes per hour. T he light:dark schedule was set at 12:12 h and the lights went on at 06:00 h. T he animals were housed in the pens and cages for one week of acclimatization before the start of the experiment (week 0). T he anim als were weighed once a week during the study starting week 1. All individuals were handled every week during cleaning and cage change, but no more than was needed to perform the procedure. Rat and mouse standard diet (Beekay feeds, Sollentuna, Sweden) was provided a d lib it um and renewed weekly. Tap water was provided a d lib itum in plastic water bott les and exchanged daily. Food and water consumption was measured at the time of renewal.
Expe rim e nta l pro ce d ure
Ten minutes before the test the anim al was placed in an individual Mak rolon IV cage and moved to an adjacent room. T he pen-housed rats were not dif®cult to cat ch and the individuals were easily recognizable because of their tattoo marks. All tests were performed as blind tests and the animals were tested in a randomized order between 09:00 h to 15:00 h each test day. In weeks 3 and 6 respectively, the animals were tested for temperament, by temperament scoring and in a mouth gag test. At the end of week 3, a blood sample was taken directly after testing, and 3 days later a urine sample was collected. T he occurrence or absence of vocalizati ons was noted in connection to the mouth gag test and blood sam pling in week 3.
Urine was collected by placing the rat in an empty Makrolon IV cage. After the rat had urinated, urine was collected with a pipette, and the rat was returned to its home cage. If the rat had not urinat ed within 20 min, its lower abdom en was massaged gently until urination occurred (Monahan & Yam asaki 1993 , Dahlborn e t a l. 1996 . T he urine was stored in Eppendorff tubes at ¡ 20 C. Blood from the saphenous vein was collected in heparinized tubes directly after the temperament and gavage pin test. Plasma was obtained by centrifugation and was stored at ¡ 20 C. T he corticosterone content of urine was intended to re¯ect the long-term effects of the housing situati on; and the plasma corticosterone level in week 3 was a measure of the short-t erm stress experienced during the human±animal interaction, including the sam pling. T he animals were euthanized during week 10 with an intraperitoneal injection of
Fig 1 Schematic illustration of the enriched pens for PH rats
Human-animal interactions and animal welfare in rats pentobarbi tone, 100 mg=ml, 1 ml=kg. Blood was collected by heart puncture. Heart, liver, kidneys, spleen and adrenals were disected, cleaned and weighed.
Although it is generally accepted that the experimenter should take time to handle the anim als before the start of the experiment to reduce fearful responses, in many cases it is only during the experimental procedure that the scientist interacts with the animals. We therefore chose to use experienced persons that had not been handling the rats before in this study for the interaction tests. We used three types of tests for different aspects of human±animal interactions. T he ®rst test was designed to study the rat 's anticipatory reaction to handling (I). T he second test was to re¯ect the willingness to cooperate in a practical handling situation (II). In the third test we studied the rat 's motivat ion to seek human contact (III), see Fig 2. In tests I and II, one person handled the rat s and another person recorded behavioural responses and human audible vocalizat ions.
(I) Ant icipa to ry re a c tio n to h a nd ling: T his test measures the rat 's response to the anticipation of being handled by a human. T he test situati on was equivalent to a supposed everyday situation, in which a person opens the cage lid to pick up a rat. T he behavioural reaction of the rat to this procedure was recorded. T he behavioural categories used in this test were derived from a similar test of fear-related behaviours in human±animal interactions for silver foxes (Pedersen & Jeppesen 1990 ) . T he categories of behavioural responses were a ggre ssive , fe a rful , pa ssive and inq uis itive . Aggre ssive and fe a rful responses were considered to be indicative of negative feelings towards being handled. A pa ssive response was considered a more neutral response, whereas an inq uisitive response was considered to be a reaction associat ed with positive feelings. T he scoring took place during the 15 s as the cage lid was removed and an unfamiliar but experienced person held his hand close to the front end of the cage.
Fig 2 Illustration of the three behavioural tests assessing human-animal interaction
Fe a rful:
Fleeing or withdrawing from the experimenter. Aggre ssive : Attacking or biting the experimenter. Inq uis itive : Approaching and snif®ng towards the experimenter. Pa ssive :
Sleeping or no movement in any direction.
(II) Mo uth ga g c o o pe ra tio n te st: T his test analyses the rat's behaviour during physical or tacti le human±animal interaction. T he mouth gag technique is non-invasive but entails both physical restraint and having the rat accept a metal pin in its mouth. T his is a standard procedure used to facilitate oral dosing (Iwarsson e t a l. 1994). Restraint is generally considered mildly stressful in laboratory animals as it contains involuntary restriction of movement, and animals that are not willing to cooperate usually try to get free from the restraint, i.e. adopt an act ive avoidanc e strategy. In this test, we measured the durati on from the ®rst attem pt until the anim al had accepted the pin without resistance for more than 5 s. If the animal resisted, a new attem pt was made. T he duration until acceptance re¯ected the extent of avoidance reactions and thereby indirectly indicated how aversive the treat ment was appraised by the rat s. T he mouth gag was mounted on a stand, and the latency and number of trials until the rat accepted the gag were recorded. T he rat was not gavaged.
(III) Hum a n a ppro a c h te st: Approach tests have been used to investigate the reinforcement effect of different handling techniques, gentling and fondling, in rats (Werner & Anderson 1976 ) and of human fondling compared to a stim ulus rat (Werner & Latane 1974) . T he Y-m aze design is commonly used to assess the incentive or aversive effect of the object or condition. Human approach tests for farm anim als are often designed as corridors, which have been sub-sectionized into different ®elds. T he latency to approach the human and the time spent in the ®eld closest to the human can be used as indicators of fearful ness (Paterson & Pearce 1992) . In this study a Y-maze, made of Plexiglas (36100 cm, é 96 mm) was used to test the incentive or aversive quality of a human hand. T he rat was given the opportunity to explore the maze for 90 s. A test person, who had not handled the rats before the test, sat at the end of one arm of the maze. One hand was covered with a latex glove and held still at the end of the arm . As a control we used a plaster hand covered by a latex glove that looked similar to a human hand but lacked the smell of humans. During one trial, three variables was recorded: (1) the latency to approach (visit) each object from the start of the session. A visit was de®ned as the crossing of a line one centimetre from the object with its snout;
(2 ) the number of visits; and (3 ) the number of arm entries, i.e. entering another arm with all four paws. Positional bias was controlled for by random izing the position of the plaster hand. T he direction of the ®rst arm entered by each rat was noted.
Bio c h e m ic a l a na lyse s
Urine corticosterone=creatinine ratio and plasm a corticosterone were quanti ®ed. Plasma corticosterone was analysed using a radioimmunoassay kit (Im munoChem TM Double Antibody Corticosteron 125 I RIA kit, ICN Biomedicals Inc., Costa Mesa, CA, USA). Creatinine concentration was analysed according to the PAP method (MPR 3 Creatinine PAP, Boehringer Mannheim, Germany) using a spectrophotometer (lˆ510 nm ). Total plasma cholesterol and high density lipoprotein cholesterol (HDL-c) was analysed using a Cholesterol MPR 1-k it from Boeringer±Mannheim, Germany.
Sta tistic a l m e th o d s
Data are given as mean values standard errors of the mean. We used a two-tailed Student's t-test, assuming equal variances to test for differences in weight, food and water intake, organ weight and corticosterone. T he sam e test was used for time-related measures in the behavioural tests, but for other measures we used the Mann±Whitney U -test. A Chi-square Cross-tabs test was used for the anticipation test and a standard Chi-square test was used for vocalizations.
Results
Pen-housed rats were identi®ed in the pen by their tatt oo, captured and lifted into a clean Makrolon cage before each test, as were the ST rats. Apart from sometimes having to lift one of the cages where the rats were sleeping, the PH rat s were not more dif®cult to capture than the ST rats and were no more agitated than the ST rats when handled in practical situati ons, as might have been expected.
Hum a n±a nim a l inte ra c tio n (I) Antic ipa to ry re a c tio n to h a nd ling: At the ®rst occasion, week 3, 30% of the PH rats and 40% of the ST animals approached the experimenter (inquisitive). All other rats were recorded as passive. At the second occasion, week 6, more than 80% of the anim als were recorded as passive in both groups. One of the ST anim als was recorded as fearful and the rest as inquisitive. No anim al was recorded as aggressive. T he differences between the groups were not sig-ni®cant (Chi-square, Cross-tabs 1.3 and 0.4 ).
(II) Mo uth ga g co o pe ra ti o n te st: We found no difference between groups at any of the two occasions either in time or in number of trials. In week 3 the PH rats needed a mean of 31.0 6.4 s to accept the mouth gag and the ST rats a mean of 24.6 4.7 s. In week 6 the time to acceptance was 26.2 5.3 for the PH rats and 30.4 6.6 for the ST rats. T he PH rats required a mean of 2.6 trials in week 3 and 2.3 trials in week 6. In week 3, the ST rats required a mean of 2.8 trials and 2.6 trials in week 6 before they accepted the mouth gag.
(III) Hum a n a ppro a c h te st: T he ST rats tended to have a shorter latency time to visit the human hand than the PH rats (Pˆ0.06, Fig 3) and visited the hand more frequently than the PH rats (Mann±Whitney U -test 118, P < 0.05, Fig 4) . T he total visitation frequency to any object ranged from 0±5 for individual animals. We found no differences in latency to visit the plaster hand or in number of visits to it. Both groups were equally active, measured by the number of arm entries (Mann±Whitney U -test 179, Pˆ0.55, Fig 4) .
A param eter that was noted during the mouth gag test and during blood sampling was the number of anim als vocalizing. T he number of animals vocalizing did not differ between groups but between tests (m outh gag: PH 32% and ST 35% ; blood sampling: PH 95% and ST 85% ). In both groups more animals vocalized during blood sampling (P < 0.01 ).
Bo d y w e igh t, o rga n w e ight a nd o th e r ph ysio lo gic a l pa ra m e te rs
T he ST rat s gained weight at a higher rat e than the PH rats already after 2 weeks (t-test, T he weight was constantly higher in the ST animals during the remaining part of the study (P < 0.01), and at the end of the study the ST rat s weighed 17% (or about 80 g) more than the PH rats. T he weight of all rats was considered to be within the normal weight range. No differences in mean food intake =rat =day were recorded during any week but the ST rats had a higher mean water intak e=rat =day throughout the study than the PH rats (P < 0.01 ).
T he absolut e weights of the liver, spleen, kidney (P < 0.01) and heart (P < 0.05) were higher in the ST rat s compared to the PH rats (Table 1) . However, when measured as per cent of total body weight the PH rats had heavier heart and adrenals than the ST rat s (P < 0.01). No differences in relative weights of kidney, spleen or liver were found.
T he plasm a samples were analysed for concentrations of corticosterone, total cholesterol and high density lipoprotein (HDL). T here was no difference in plasma corticosterone between the groups either at 3 weeks or at the time of euthanasia. However, the plasma level of corticosterone was lower in both groups (P < 0.01 ) at the time of euthanasia compared to week 3 (Fig 6) .
Urine sampling were successful in 39 of 40 animals, of which 15 were massaged before urine could be collected. T he corticosterone= creatinine ratio in urine was signi®cantly higher in the PH rats (0.036 0.006 ) than in the ST rat s (0.013 0.003, P < 0.01 ). T here was no difference in mean creatinine values. T he ST rat s had a higher level (P < 0.05) of total cholesterol in their blood (1.30 0.05 ) than the PH rats (1.12 0.05 ) but there was no signi®cant difference in HDL values (ST 0.63 0.04 and PH 0.73 0.04 ).
Discussion
T his study shows that housing rats in large groups in an enriched environment did not in¯uence their anticipatory reaction to handling in normal handling situati ons. However, in the Y-maze test the PH rats tended to have longer approach latency than the ST rat s. In addition, the PH rats weighed less and had lower total cholesterol values than the ST rats and their urine corticosterone values were higher.
T he main aim of the present study was to explore the signi®cance of large group= great er cage housing versus standard Makrolon caging in the three behaviour tests related to human±animal interactions in the adult male laboratory rat. In the ®rst test, where we looked at the anticipatory reaction to being handled by an unfamiliar person, no differences were detected between the two groups. T he majority of rats scored passive to the experimenter's hand. In the second test, with the mouth gag, no differences between the groups emerged. T his is in agreem ent with van Bergeijk e t a l. (1990 ) who found no effect of housing on the reactivity to handling in female rats. However, these authors showed that gentled rats had fewer escaping responses than non-gentled rats when approached by a caretak er. T he gentled rat s were easier to restrain and they showed less signs of distress, as measured by defaecati on and urination. T hus, the differences in the experimental variable (group size=pen size and complexity) are not signi®cantly re¯ected in (1 ) the rat 's anticipation of handling or (2) their reaction to restraint in the mouth gag test. Findings by Holson e t a l. (1991 ) indicate that repeated handling may not have the same im pact on fearfulness in group-housed rat s compared to singly-housed rats, as measured by act ivity and defaecation in the open ®eld test. Although single housing removes the social stress factors, the situat ion for an isolated rat might be highly stressful for other reasons such as lack of stimulation and lack of tactile contact. Hence, it is not unlikely that, for a rat, the difference between single housing and group housing is far greater than the difference between living in pairs and in a group of 10 rats. T his might explain why the PH rat s and the ST rats reacted similarly in the two ®rst behavioural tests.
However in the third test, the human approach test, the PH rats were signi®cantly less oriented towards the human hand than the ST rats, as indicat ed by a tendency for longer latency and signi®cantly lower number of visits to the human hand although their activity levels were equal. T he ST rats had a higher frequency of visits to the human hand than the PH rats and tended to have a shorter latency to visit. We can only speculate as to the basis for this difference. It cannot be explained by differential locomotory acti vity, as both groups were equally active, as measured by the mean number of arm changes. We could therefore assume that the rats which approach the human hand less than others are doing so because they ®nd the human hand less attrac tive or more aversive. If so, the human approach test seems to be a more sensitive measure of how rat s cope with their reactions towards humans than the temperament test and the mouth gag test.
Rats may use either an active or passive strategy in coping with environmental demands (Benus e t a l. 1991 ) , and it cannot be excluded that for some rats, a passive score in the temperam ent test actually re¯ects a passive coping strategy. In the approach test, however the human hand is no threat unless it is approached, which means that both passive and active strategies are detected. Rats seem to discriminate between familiar humans and strangers based on olfact ory cues, and choose to stay closer to familiar persons (McCall e t a l. 1969) . In this test the approached person was a stranger, which may have in¯uenced approach motivation. T he experimental conditions did not involve conditions that were intended to induce uneasiness or fright , why indicat es that the rats might have been habit uated to the human. Hence, the orientation to the hand might reveal more of an exploratory activit y than a fear or non-fear response. T he procedure of handling did not induce measurable levels of avoidanc e to the human hand, as is indicated by the fact that there were no signi®cant differences in numbers of visits to the human hand and to the plaster hand.
Handling is known to increase plasm a corticosterone levels in rats (Barrett & Stockham 1963 ) , but in agreem ent with the result of the two behavioural tests we could not detect any differences between the groups in plasm a corticosterone levels. Both groups had lower levels of corticosterone in the blood collected aft er euthanasia than at week 3 levels. T he blood sampling at euthanasia was preceded with less handling than in week 3, and the actual blood sampling was done in anaesthetized animals, which might account for the differences between the two occasions. It could also be an effect of being repeatedly handled, and therefore of ®nding the human±animal interaction less stressful than in week 3.
Vocalizations are used to convey inform ation to other rats about potential environmental threats, alt hough they may not always be indicati ve of physical discomfort (Brudzynsk i & Ociepa 1992 ) . In a study of adrenal function, Glenister and Yates (1961) noted that rat s that struggled or squealed during blood sam pling had higher levels of plasma corticosterone than the quiet rats. T he difference in vocalizat ion rate between the mouth gag test and blood sam pling would therefore indicate that the rats experienced the mouth gag as less stressful than blood sampling. T hat the blood sampling involved a certain am ount of stress to the animals is also indicated by the signi®cant difference in plasma corticosterone concentrations at that stage than after euthanasia. T he lack of differences between the ST and PH groups in the measured vocalizati on reactions to blood sampling and the mouth gag test indicate that the difference in housing was not relevant to the rats' perceptions of this kind of handling. Rats are however known to also vocalize in the ultrasonic range and, as only vocalizations audible to humans were recorded in this study, the occurrence of such calls cannot be excluded.
T he unexpectedly large difference in weight gain between the PH rats and the ST rats might be an important ®nding. One problem with laboratory rats are that they grow too fat. T he ST rats gained weight more quickly and weighed consistently more than the PH rats. When comparing relative organ weight, the hearts of the PH rats were heavier than those of the ST rats. Enlargem ent of the heart muscle could be the result of increased physical activity (Duncan e t a l. 1998 ), which indicates that the difference in weight related to a higher level of activity in the PH rats. Although we did not measure the locomotor activity it is reasonable to assume that the general activit y in the PH rat s was higher than in the ST rats. T he basis for this assumption is that the combination of larger area and enriched environment is favourable to the acti vity of rats. T he opportunity for natural locomotory activit ies such as running and climbing was absent in the conventional cages but abundant in the pens.
T here was no difference in mean food intake during the entire period. Both Pels e t a l. (1985 ) and Suzuki and Mashida (1995 ) have shown that even low levels of exercise are ef®cient in inhibiting the body mass gain of rats and result in a change of serum lipid pro®les towards lower total cholesterol. It can be hypothesized that, as in humans, increased activity levels lead to greater`physical ®tness' and thereby to improved health and potentially also to im proved well-being.
Apart from having an im pact on animal welfare, these physiological differences may also have an impact on the rat as an experimental model. If these two groups were to be used in toxicological tests, especially with lipid soluble drugs, or experimental protocols investigati ng energy metabolism, such as regulation of food intake or obesity, the outcome might be in¯uenced by housing conditions. T he PH rats had a higher urine corticos-terone=creatinine ratio than the ST rat s. In agreement with this ®nding, the proportionate weights of the adrenals of the PH rats were also greater than those of the ST rats. To determine if these results were induced by living in a more stressful environment or if they just re¯ect the physiological condition of an active and alert animal is dif®cult. A higher urine corticosterone= creatinine rat io has also been found in mice housed in cages enriched with objects (Dahlborn e t a l. 1996 ), and these authors suggest that this is probably caused by their higher acti vity levels.
Although commonly used, the predictive value of plasma corticosterone levels on animal welfare is relatively low (Rushen 1991 ) . Nevertheless, Brown and Grunberg (1995 ) show that for male rats, high spatial density rather than high population density induces elevated plasm a corticosterone levels. T he opposite is true for female rats. In this study, the spatial density was alm ost three times lower in the pen than in the Makrolon cage. In an extensive study of the effect of cage stocking density, Hurst e t a l. (1999) found that it is more likely to be the group composition rather than its size that has the greater im pact on animal welfare.
In conclusion, whether rats living in a larger group experience a higher or lower welfare than paired rats cannot be concluded. However, according to the behavioural tests in this study, the practical manageabil ity of the rats is not impaired. It could be hypothesized that the great difference in mean body weight between the PH rats and the ST rats indicates that pen housing results in more active animals than does conventional housing, which eventually might result in a differentiat ion into two separate anim al models. T his possible connection should be further explored through studies of the effect on different ial housing on activity levels and on physiological parameters related to endurance, exercise and animal welfare.
